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Correlation Analysis of Protein Content and Mineral Content in Brown
Rice and Establishment of the Math Model for the NIRS Analysis

GUO Yong-mei', Ll Hua-hui', LI Shao-ming® , DUAN Yan-bi*, HUANG Ping' ,TU Jian'
(1 Food crops Institute , Yunnan Academy of Agricultural Sciences ,Kunming 650205 ;

* Experiment Teaching Center for Agriculture Specialty , Yunnan Agricultural University ,Kunming 650201 )

Abstract ; Using 162 rice samples as materials,the method of semimicro-kjeldahl was employed to determinate
the protein content, while atomic absorption spectrophotometry ( ASS) was employed to determinate the contents of
Ca,Mg,Fe,Zn,Cu,and Mn,colorimetry with phosphate-molybdenum-blue complex was employed to determinate the
content of P and flame photometry was employed to determinate the content of K in brown rice. The relationships of
protein content and mineral content,different mineral element contents in brown rice were investigated. The chemo-
metrical method of partial least squares gression was used to establish the calibration model of protein content in
brown rice. The results showed that the elemental concentrations(mg + kg™') in brown rice are in turn of P >K >
Mg > Ca >Zn > Fe > Cu > Mn. Significant positive correlations were found between protein contentand mineral con-
tents ,including P,K,Cu,and Mn. In addition,the optimal model was developed by the spectral data pretreatment of
the first derivative in 11995.7 —7498.3 ¢cm ™' and 6102 —4597.7 em ™', by analyzing spectral data pretreatment
and light frequency ranges. This model’ s calibration coefficient and validation coefficient were 92. 89 and 89. 76,
respectively. The model showed significant correlation and lower error between near-infrared value and true value.
The germplasm of rice resource with high protein content and rich mineral contents, such as Xiao Heigu, Xiao Hong-

mi and Zi Nuomi had been selected. Good calibration equation was successfully developed for protein content, the e-
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quation show satisfactory determination coefficients. Finally, a probably effective way to improve protein content of

rice was proposed. Combination of some special characteristics, such as protein content,P,K,Cu,and Mn etc, was

one of the effective approaches to increase nutrient of rice. This NIRS-assisted-selection could be a very efficient

method to improve protein content and mineral contents in rice breeding programs.

Key words : Brown rice ; Protein content; Mineral content; Correlation analysis; Near-infrared reflectance spec-

troscopy ( NIRS)
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A R 162 103, 6 55 Rl RS FIORE R 5 b
T HOKFE ARG ARG ;A RE A C RS o7 i Fh 18T
wn PRI i R AF RSN EAY  7E = B A VR ) B )
FH b A 3k 56 o1 8], R 58 e BEPLIX 4 HEFY, 2 IR E
5 W AR 16.7 em x26.7 cm, 10 171X, 7K

5 m, & hm’ i ZA0 15 o KFEL 2 A 600 kg
FIPRZE 150 kg MR, 35 7 ~ 10 d 45 G fb2EFR
hm? FHPR K 225 kg Hii/rBEAE AR5 40 d & hm’ IR
75 kg BRFREH 75 kg MEFEAT, MG , B3R RS
R AU RE A 200 g FEMERL, 2Rl 15
PRAE T30 R AP Bkl e 3 S H A & H

1.2 7%

1.2.1 #HmEE M TERTPEKP 72h, 1
ZAHL (SatakeThu3SB, Satake , H A% i 572 Ji5 8 Al bE
KT REROETE 1R AR 8 B 1 OG5 A+ i e
KB L ( LMT63L2 , Brabender, 72 [# ) B 545, A
T A AR A TR S RO,

1.2.2 StiERE  FIH Bruker A H) MATRIX-I %l
FT-NIR M £LAMGHEAL (7 18 S5 88 4 R AR5 3K, A
RE R IERE 75,48 mm A PR, PhS K #% 45 SR A Bt
), L R e 22 OPUS/QUANT4. 2 B F 3R 47 i 5k
P AR I 40 FOG 1S 1 AE AL 1 XOR ARVE 1
12500 ~4000 em ™' (K 2500 ~ 833 nm) ; Gk Bt
FH 16 em ' BROIFESATTREL .64 (2 1 min) ,
AR T AN, B AR BIRAEGE 2 I HOT
BIE AN Log (V/R) , B S5 WAF G 1 A iHERAIL
S 455 . AL Windows XP R SC#
ERSE,
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BRI L XU 22 28 Ak R AT ik
b, R E MM IE, F B A DI N,
PMETEIN#A 2l T = R 22 600 °C L, ARIR 2 h, HE
FEM RN AE, WEFEEE, A S ml K5Hk
2 121 PO HCl 3 AT, JT 5% A 50 ml
Fafih, HEE T KE 575, 0, TR
o RE VL (AAS) Wl 5E Koy Mg, Ca Fe Zn  Cu
M Mn ()5, SHMIY2 REL,
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2 FHRE5HMH

2.1 RAZEAFRSENT RTESENER
BEKH TR P .K.Ca ,Mg.Fe .Zn Cu A Mn &

x1 BRATRTERSENEARSENTNER

HEFRAK, HE 2 mIRIKIK R P >K > Mg > Ca >
Zn>Fe>Cu>Mn(£ 1), WHILEP P SR,
Ca & S, P I35 &4 4187. 00 + 1544. 30
mg/kg, & Mk & 1032. 20 mg/kg, B =N
10264.40 mg/kg; K, Mg Fl Ca Y F 24 & & 43 5 K
1141.00 +576. 0 mg/kg.147. 43 +35. 94 mg/kg FI
63.90 + 18. 18 mg/kg, 28 570 [l 43 5 Ky 424. 20 ~
2355.60 mg/kg .82.73 ~227.99 mg/kg il 25.01 ~
118. 7T1mg/ke; i L HE W, Zn & i 5, Mn 7
K. Zn ¥ & H K 12.61 +2.49 mg/kg, 78 F 10
il & 7.58 ~17.51 mg/kg; Fe Cu Fl Mn fJF1 &
9N 6. 74 £2.22 mg/kg 4. 80 = 1.35 mg/kg
M 4.34 £1.65 mg/kg, 2855 438 2. 20 ~ 18.
43 mg/kg.2.47 ~8.32 mg/kg f11.18 ~9. 67 mg/
kg BEKEEH B & i 8.71 £1.26% , B 7
TN 6.03% ~11.69% |, [7]— & A B i oo 2 )
THERBK,

Table 1 Variance of mineral contents and protein content in brown rice

S8 FET AL SEHIE brifii 2 W2 A5 R %)
Parameters No. of samples Mean SD Range cv
P(mg/kg) 162 4187.00 1544.30 1032. 20 ~ 10264. 40 36.88
K(mg/kg) 162 1141.00 576.00 424.20 ~2355.60 50.48
Mg (mg/kg) 162 147.43 35.94 82.73 ~227.99 24.38
Ca(mg/kg) 105 63.90 18.18 25.01 ~118.71 28.45
Fe(mg/kg) 162 6.74 2.22 2.20 ~18.43 32.94
Zn(mg/kg) 162 12.61 2.49 7.58 ~17.51 19.75
Cu(mg/kg) 162 4.80 1.35 2.47 ~8.32 28.13
Mn( mg/kg) 162 4.34 1.65 1.18 ~9.67 38.02
EHREE(%)

162 8.71 1.26 6.03~11.69 14.47

Protein content

FEAS [] b T TR RE K 25 7 BT 3R & it AR K
AR BT & 5 AR/ B S RV O K >
Mn >P >Fe >Ca>Cu>Mg>7Zn>HEH, H, o
iR T K AR 7 R BURCK, 5 50. 48% , ik &
Mn P Hl Fe, ik 32.94% ~38.02% ;Ca .Cu Mg Fl Zn
H19.75% ~28. 45% ; B 5 1 R HUR
INAUR 14.47% , VL E 85 F R REK 8
AR RN BAR T T E ; AR SR R
BT B i AR ARUE , T BT T R 28 F AR, U HE
K. P Mn Fl Fe, 85 & 07 5T 70 2 & 5 10 R 5t 41
B T &

2.2 RAEARRKRT RTESEBXLSF
BERA TG R B i 22 (B A S o A e B (%
2),K 5 P Mg .Fe Cu fil Mn # B ZEH X, 5 Ca,
Zn M R E ARG ;Zn 5 K P Mg Fe .Cu £ Mn 7% &
W AAHIC, 5 Ca B TEAHIC; Ca 5 P K B
EHMAE, 5 Mn Mg % i & 1EAH & ; Fe Mg, Cu FlI
Mn AH F. (8] 3 2% 3 ARG, Cu 5 P AR 3 1E A
X, HILATE, K &5 & Ak P Mg Fe Cu I
Mn B9 & WA, H Ca Ml Zn S 28K, 16 fld
BARYE T bR B R AR R Fe 5 1 AR
A Cu Ml Mn B & WS, JFH Cu BRI
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HEFEOMEHTE M, RS Zn & 2H
B FEFE Fe Cu M Mn & SEBEAAC, Pk,
FLE M EA RS Fe  Zn  Cu Fl Mn & & AR FAE A9 bF
BHRAEH FXMER , FA RS R bR AR 5
& B M F B R TFE

BEOK 85 T 507 1T 2K 2Z 8] 1 AH S o B R
B, EAES P K Al Cu B 5 IEAHSG, 5 Mn B3
IEAISE, 15 Fe Zn Ca F1 Mg [ AH 6 K 15 | &K

R2 BAZEARRT RTESEENEXRY

o Rl n] i e B R AR R P LK
Cu FI Mn 858" FOCE & 4, DS HIEAHSC I H Al
BRI, AN T E RS EA ST SR
FOBE, BEON, S8 FOCR SRR E LT,
B B AT TR 5, OF FLE L0638 0 Br R h
— Rl AR KRR RS R e AT T e A
APRH AEE R P E A RS RS FUCRS
AR ER AL AR K SR IE K RS SR
Mt RAA SRR Z —,

Table 2 Correlation coefficients among the contents of protein and minerals in brown rice

JGZ Element Fe Zn Cu Mn Mg Ca P K

Fe 1

Zn -0.28* 1

Cu 0.34* -0.49* 1

Mn 0.42* -0.46* 0.72* 1

Mg 0.36* -0.56*" 0.64 0.73* 1

Ca 0.01 0.17 * -0.15 0.31* 0.25* 1

p 0.10 -0.25" 0.36* 0.14 0.01 -0.47" 1

K 0.47* -0.73* 0.79 0.71* 0.78™ -0.60*" 0.33* 1

EAB . . .
0.06 -0.1 0.31* 0.20" 0.11 -0.04 0.29* 0.23*

protein content

L RN 0.05 F10.01 AY L MK

2.3 IAOMRIERBIMEL SR

FILES LB OPUS/QUANT4. 2 14 H Sk
kIite , bR & IH—1b 2 TTHUR R TE . — B34
— B+ ZITHURCE | — B 8+ K EIH 1k
ST TIUA P T 1% A AN [R5 DX T A A0SR O e A A
AT AL B 5 5 DX B | R A 3 A 4k
B0 S A IE AR ) ARl ST P AR IE AR A 5
TEEERE A TSR 1435 07 M (A I 45 5 SIF AR 2 1 T
IS G SEILER 3) . SR TR . —r 4 i
FEAERT (rank ) R 9, 3% 1X N 11995.7 ~7498.3 em ™',
6102 ~4597.7 cm ™ EENT AR IR RCR B fe

£33 REESHIEIKEREARSENSRITSH

*and ™ was Significant levels at 0.05 and 0. 01, respectively

MK A1 2 ARG S ET LR 1,18
FH I TE SR T 0 T 355 SR A AT L U5 WA T A
SRR IE N RS IE SRR PR U R 4
TR K 6.03 ~11.69 g/kg, FI4{EH N 8. 54 ¢/kg,
FRIEIRZEN 1. 329 4% 5 8 100 o 119 40 A 70 [l 458
I, EARHER 22 AR, AT FH 30 2T AR A AR )
7 B I AR B B A i AV 6. 59 ~
11.25 g/kg, SFH{E N 8. 29 g/kg, br iR £ N
L 124 RS R 5T & i 1 B S A E SR AR IR Y
BImg /N TRGESE , R IL, 30 iE 42 4 5 AT LA T NIRS
BRI A5

Table 3 The statistical parameters of modeling set and testing set for protein content in brown rice

% 1E Calibration ISE Validation

" N FH{E e W2 5 RAN
e HEAL A (&/ke) iz (&/ke) (%) I RIE LoaT L5a
o g o
Parameters No. of samples & SD ° iR e R FrRifEiR PE R
Mean Range cv
RMSEE R? RMSECV R?
BIESR
105 8.54 1.329 6.03 ~11.69 15.56 0.451 92.89 0.632 84.47
Modeling set
isanes
27 8.29 1.124 6.59 ~11.25 14.96 0.505 89.76 0.623 89.91

Testing set
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M NIRS MBI ) S HOK B (£ 3) , KIE R
ERBR N 92. 89, 1 1E bR iR (RMSEE ) 0. 451,
K6 e & 280 R? A 84. 47 , &8 B8 TF A5 fE 1% ( RM-
SECV) 2 0.632, & A5 Y T i) 43 A7 B4 5 8
TRk 23 RS 0 5 (L TR A G M e 2 R AR IE e &R
B(R? =92.89) A 50 UE e E R EL(R® =

Fit vs True/N[g/kg]/Calibration

19 |
18

17 oS
16
15 (S
14
13

12 X
1
10

8§ 9 10 11 12 13 14 15 16 17 18 19

Rank:9  R’=92.89 RMSEE=0.451
Modeling set

89.91) K 2 AHEMh AR AR B Al i, 2 br 7 B
B UL AR R R AR R R R i 2 R
i T A5 SR AR S PR R R S %
P48, mT T T R B R AR A B A0 2 B 3, X
NIRS 73 Mr Z 80k — e fe, w57 R HE Y NIRS
TR,

18 Prediction vs True/N[g/kg]/Test Set Validation

17 >
16

14
13 B
12 R

1
g
10 el

L~
o

9
9 10 11 12 13 14 15 16 17 18
Rank:8 R’=89.91 RMSECV=0.623

Testiong set

B1 REEMBEEMEEDSENFEMEIIMNENEXHSE

Fig.1 Correlation scatter diagram between NIRS and chemical analysis

results for crude protein in modeling set and testing set

3 g

3.1 BAREARSENTRTESIENTR

KRS FRE AP o A, — T 8% At
185 HABAEY AR L, K AS 2R A BT AE v v A= A0
RE e STy T AT A AR B ) M RE |, A B R 20 1l L A
A R O R A LR L A R A i
REOK S B AE PR o B0 e B 1 KRR o e 2 A
oKt TR R BRI SE 1 2 AR ST A R
T TEAR] A EREK 07 BT R & =8B,
AR 1B AR AR E 28 ¢ RN 14.47% , AT W)
IR mE N B BB SRR B R, Bl A
T % 3] — 4t & K Mg.Ca Fe Cu F1 Mn %54 i
TR WRN TR R, SR /N RSB K R B & LA L 6
FOCRS, BB S ERAE, 2 ®E R NE
FBT BT . IR BF I PREE A5 1 (g K BT IE
AUBEEE ) X A K T 5T T 2R I AR AR 2R 5 e A BEAR
R

B SCEN ] ICP-AES ¥ 5E 789 473 Hb K
FEREAK TP By 8 Fh oT R , N BEAR TR & it (mg/
ke) KA P >K > Mg > Ca >7Zn >Fe > Cu >Mn, 5
AL R —3, Jiang % BFIE T 274 AL
PR K1) K Ca Na Mg Fe Zn Cu Mn i 5, 45
R, IX 8 P BT R 1Y i E AN [R] it o ) A7 AE

Wi 22 5% FERE KR TP 8 AR K > Mg > Ca >
Zn >Na >Mn > Cu > Fe, MBS AR 5 Fhfa)
RAZHAE T 1 57 HFHK 15787 1) 196 4y F, %
2 KPREKH Fe Se . Zn Cu Mn ,Ca Mg K Na F1 P
10 BT BT R & AR AT T A, AN
TR ERABRKNES P EZRZST TTER
YA EARHEF N P> K > Mg > Ca > Fe > Mn >
Zn>Na>Cu>Se, WHILE & BEMRTLE R —E,
R ST 2R % 1 e R A R — 3, it R Tt
TCER IR RIS i AR I Ho ks i R v 4 1
IR PUREK, & 4 A 22 5, Rl i5d ]
TATRE S RIS SR AT Fe \Zn  Cu Mn 5§
IR ML K T P K Mg, Ca S H RITER,

PNIH A 38 X R K A T G 2R A e A AR S ok
TSR AN 10 Fh LT R TE Fy X R AR K
78 5 o Na & 8728 S de K, Zn & 878 S de/)y,
AR S RBU R 77.69% F1 12.04% , W FRICHE
EEA S R KRN A Na > Se > Cu > Fe >
Mg >Mn>Ca>P >K >Zn, RFFE KL, 50
BTG R B AR S FE AR 0 BT 3R S AR R A Y
MR, 0 o R PR K &t d e, OO
Mg il Ca B L, BK i s T 3R 09 & s AR XA
Hrp K &8 55K, ik 50. 48% , Zn % 578 5 fix
INAN19.75% , % TC R AR 5 REUK KA K > Mn >
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P >Fe >Ca>Cu>Mg>7Zn, AR5 Zn & &4
SE/N SETAE ST 45— 2, Hh 25 RN K — 2,
A BB T B4 RE AN B A Hb 555 25 S 3 Y,
W KR BTG ER 5 B AR ab A R 25 SR U
K.P . Mn il Fe, FHEHE 07 o0 3R & & 1 A Rt
B3E T 4:40F.
3.2 RAEARGENT RTESEHEXEHAR

ISR AR ] 4 AH S AT DI SR R oK i o e
AR B AN B — BRI . ARBRIE AT T
FA BT R A BT R 58 T 6] A A
Sk, % B K 5 P Mg, Fe,Cu Mn FIZE [ Bk B &
B, X 58 BT R B9 A BN B G, K 7EAE
WikN S & FEZNEGS 5 RV, IS R
YEH , BEAR P I AR DL KRR 5 8 L B TR 1, 1
FEREPIIR N PG A RALFRAL S 5y , Mg FE A% R AN ER
H B R E RV 2B TS E R Zn 5 Ca B3
TEAADR, Zn F1 Ca e [A] OR-45 26 41 M R 04 A M Fn o
A AN, Fe Mg Cu F1 Mn AHH.[R] 34 5 4% i 35 1E
A, XY Fe Cu Al Mn it R 22 58 &
FBT AR 20 7345 A RSO0, AR OC , TR BT Fheh
R TS SR ARHEAT B A R R R T R L
FEREBE Z AN 3 AT I 6 bR 1] A A DGR R A T
e A R ] s e RS TR otk

E]Zi’%@?m?ﬁﬁ%ﬁ%lﬁ ,P 5 K.Ca Mg.Cu Mn,
Mg 5 Fe Cu Mn, LA & Fe Zn Cu Mn [0] 12 2. 35 1E4H
X RERE AT E 2255 P K Mg, Cu Mn %5
FIEARSE, XSS T A KR K e S
HERSEEREEMC, AFREREN, KY
P Mg Fe Cu Fl Mn % i 1IEAC, 5 Ca i i3 17
K ;Zn 5 K P Mg Fe Cu Fl Mn 7% A% 2% 1 AH
¥, 5 Ca BFIEME;Ca 5 P K W F AR,
5 Mn B 3 IEAH G Fe Mg Cu 1 Mn #HH [ 3 52
PR FIEAK, Cu 5 PR IEARSC A S P
K, Cu Fll Mn % I 2 5500 35 1EAH O, ST A ST 45 2%
AL, WA X, HrpREK Zn 5 Mg Fe Cu fl
Mn &5 24 A 2 A OC, X 5 T A ST 4 R
R KRG RIS ROGER & A S RN Z
82220 BT R WA s pLglE ] i HL ik A2 43 il
PUEI S PRI 5 3 — 2D FE A [ PR 25 i
TS, P X S8 B0 2 A0 SR R R 15 K9,
MR RA TR & it i L S K R oL, i S8
W BT R & w KRS B AR AR
3.3 EASMRIERBAIEL

BRI S 50 TR & Z A A5G E

SrHrR I, A RS P UK Cu AT Mn #5835 o 3%
TEARSE, Al aE 4 v 2 B0 R R I PLUK Cu Al
Mn S86" B0 R % B, LR 5 HE A G B oAb 5
JLER S EE M Al A RS ORI
KRB R KA R T H MR EA E 0TS
FRIHT AR AR, FRT, ELLAMETE AT B 20 fiE4D
80 AFARR I A R R 1) — I LI 3B R 1
Ay —Fi PR TCAR 43 B i O A B4
Bt B2 T B E AR b T ARDR AR T Vb 4
SRR 2 AR ST R e S AT R
DLARIE PRI 38 3 T T A v A 1 BT A PR
T G715 A JBOC 3 R ME K RS B 3% 1 b R Y
ARGERZ —,

ELLAMEIEE BRES I T 5 5
HAEL JCHE TR RS BR R A R B T SR
gy SR D PRRAE 4 (5 BR R Z AR 2 %
SRR K OPE Tk R Ay B R BB i i
BA—— R P 32 2 DR B 2 AR SR A R
IRELAE ] — PR R UE AR [] ) A= 25 PR35 2% 1 i - 3
A IR A — B R S A AR Dy Tl
R 2 BRAE ) 73T ASCR, el NAER BR 22 R ITTR&
FEA CRER) SFREHE -3 (8, 12 AT B AR E
DAL T B o S i (R | 16 FH 6 ) T4 BT vk
XEHPUAR B BEATHIER O T 9 R B IS AT, BR
I R S AN [R) b 8] B it b Ry A i | i
BER A AL —E LU RTRE R AR FIBORRS , LK
RO AT S RN W = R N eIt C)
RN HBTRE il | SO AN A T
B KRG B TT R AR A A B 5 T
RN AL = LART RIS P BT A /Y, XA
RGN T Bra A p R pe ke

ES DS VAN i = P i B S
ARG NIRS A IE A IE A ROR | 857 B A R XA b
HA— 2 B TN OCR , R T 5 7 BB KA
A B PO e, 22 I IS AR B A
RZFIE AR B RE T o (H 23 7 e HE B9 NIRS 73
ARSI AR ity EL AT Y Y TO0I 8OR, , 76 R il F) K
b R AR RS A R AR T T T AN
G, T AW FER A A UL AR B A, X —
AL,

S 3Rk
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